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(57) An improved ceramic feedthrough capacitor 
design which results in cfetinct advantages in EM I (elec- 
tromagnetic interference) f Storing and therapeutic wave- 
form rnartagement for implantable deftonHators and 
pacemakers and the lite. The invention provides 
ceramic capacitor electrode plate designs which pro- 
vide both low impedance decoupSng for EMI suppres- 
sion, and. at the same time provide an isolated common 
ground point through a separate coupling capacitor tor 
electrical isolation of the filtered circuit from the metal 
case (usually titanium) of the dafbrfilator or the like. 
Such an arrangement allows the defbrillator HV (high 
voltage) output pulse to the heart to be referenced lead 
to lead (Including reverse rjc4ai%),cffrcm either lead to 
a common floating ground point or to the titanium case. 
The primary application of the invention is directed to 
implantable defibrillators where tie output pulse to the 
heart is typically high voltage (up to 750 volts) and of 
short duration (typically in the 10 X 10" 3 seconds or 10 
millisecond range). The invention is equally applicable 
to implantable pacemakers. The invention is particularly 
suited for a combination defibrillator (tachycardia) and 
pacemaker (bradycardia) unit where there are sense 
(heart rrmtoring), tow voltage (pacing) and high volt- 
age (defbrillator) output leads. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates generally to improvements in 5 
ceramic feedthrough capacitors of the type used in 
implantable medical devices such as heart pacemakers 
and the to to decouple undesired interference signals 
from the device. The leads attaching the implanted 
device to the heart can act as antennae in the presence 10 
of a radiated EMI (electromagnetic interference) field 
(such as may be generated by cefluiar telephones). 

More particularly, this invention relates to improved 
ceramic capacitor three terminal electrode plate config- 
urations providing low impedance decoupling for EMI is 
(electromagnetic interference) suppression, in combi- 
nation with a common ground point through a separate 
coupling capacitor for electrical isolation of the filter cir- 
cuit from the metal case of the medical device. The 
invention is particularly suited for use in defibrillators 20 
(tachycardia), heart pacemakers (bradycardia),and 
combined pacemaker defibrillator devices. Ceramic 
capacitors are appropriate for this application because 
of their high unit capacitance provided in a small size 
with a robust construction. 2s 

Ceramic capacitors are typically constructed by 
interleaving rwn-conductive layers of high dielectric 
constant ceramic material with metaffic electrodes. The 
metaJic electrodes are typically TaicWown" on the 
green ceramic material by silk screening processes, so 
The device is then fired (sintered) to form a rigid mono- 
lithic structure (the "capacitor"). 

Well known in the art are feedthrough type mono- 
lithic ceramic capacitors, which offer a form factor which 
provides superior RF (radio frequency) performance for 35 
EMI fitering purposes. Reference U.S. Patent Nos, 
4,148,003; 4,152,540; and 3,235,939. 

Ceramic feedthrough capacitors have been 
adapted for EMI filtering of human implant devices (see 
US. Pat No 5,333.095). In order to provide proper EMI 40 
suppression. H is important that the feedthrough capac- 
itor be directly bonded to the implantable device shield 
(titanium shell) or hermetic seal. This intimate relation- 
ship is essential so that the feedthrough capacitor acts 
as an integral part of the EMI shield so that undesirable 46 
EMI signals are reflected, or absorbed and decoupled 
before they can enter the interior of the device (inside 
the titanium shell) where they would disrupt the proper 
function of sensitive internal electronic droits. 
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In accordance with the invention, the feedthrough 
capacitor design incorporates novel electrode configu- 
rations which allow the internal tiering capacitor ele- ss 
merits to be isolated. This allows for flexibility in 
implantable device (or other applications) waveform 
management The preferred installation method for 
these novel electrode configuration feedthrough capac- 



itors is in accordance with US. Patent Nos. 5,333.095 
or 4,424,551, which are inco r p or a te d by reference 
herein. For human Implant applications, the feedthrough 
lead wires are typically platinum, niobium or tantalum 
for resistance to body llukte. The hermetic terminal to 
which the feedthrough capacitor is mounted is typically 
made of titanium- alumina construction with goU brazing 
or glass sealing for resistance to body fluids. 

Advantages of the novel capacitor matrix include: 

A. Superior common and differential mode EMI 
suppression when compared to arrays of rectangu- 
lar chip capacitors. Feedthrough technology offers 
greatly improved EMI suppression due to its trans- 
mission line type performance flow inductance, 
high resonant dip, ability to perform above reso- 
nance, i,a, broadband performance). Rectangular 
chip capacitors tend to resonate at a relatively low 
frequency, and, above resonance they become 
inductive and cease to function as an effective EM I 
IBter. 

B. Fewer components and high volumetric effi- 
ciency when compared to an array of monolithic 
chip capacitors (one feedthrough capacitor with 
novel electrodes acoorcfing to the present invention 
replaces many individual chip capacitors). 

C. The implantable defforidator output waveform 
may be programmed for alternative circuits while 
retaining EMI suppression (further descrbed 
herein). 

D. The ability to decouple and suppress EM I right at 
the terminal-shield interface. This is an important 
feature when compared to MLC (monolithic capaci- 
tor) arrays, particularly when said chips are 
mounted at a distance from the shield can or hous- 
ing (titanium). It is reaDy too late to suppress EMI 
once it is inside of the implantable device housing, 
usually a shielding titanium case or can. The EMI is 
often characterized by a very short wavelength 
which is capable of re-radating inside the can The 
feedthrough type design of the invention actually 
suppresses the EMI before it enters the can interior 
where sensitive electronic circuits may be affected. 

PESCRIPTTQNOFTHE PBAW1N6S 

FIGURE 1 is an isometric view of a bipolar 
feedthrough device with two capacitors C1 and C2 
shown connected in series with a third capacitor 
C3. and depicting an isolated ground point (or com- 
mon test point) Q1; 

FIGURE 2 is a schematic circuit diagram corre- 
sponding to the feedthrough device of FIG. 1 ; 
FIGURES 3 and 4 are horizontal sectional views 
taken generally on the lines 3-3 and 4-4 of FIG. 1 ; 
FIGURE 5 is a fragmented perspective view of the 
feedthrough device of FIG. 1 . and depicting internal 
construction details thereof; 
FIGURE 6 is a perspective view showing assembly 
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of the feedttwough device of FIG. 1 with a terminal 
plate adapted for assembly with the housing or can 
of an implantable medical device; 
FIGURE 7 is an isometric view of an alternative 
bipolar feedthrough device of disooidal shape, con- 
structed according to the schematic circuit diagram 
of FIG. 2; 

FIGURES 8 and 9 are a horizontal sectional views 
taken generally on the lines 8-8 and 9-9 of FIG. 7; 
FIGURE 10 a perspective view showing assembly 
of the feedthrough device of FK3L 7 with a terminal 
plate adapted for assernbiy with the housing or can 
of an implantable medical device; 
FIGURE 1 1 is an isometric view of another alterna- 
tive bipolar feedthrough device, constructed 
according to the schematic circuit diagram of FIG. 
2, with a central aperture for connection of the defi- 
brillator pulse generator circuit (not shown) to the 
isolated ground point G1 ; 

FIGURES 12 and 13 are horizontal sectional views 
taken generally on the lines 12-12 and 13-13 of 
FIG. 11; 

FIGURE 14 is a perspective view showing assem- 
bly of the feedthrough device of FIG. 11 wrthater- 
minal plate adapted for assembly with the housing 
or can of an implantable medical device; 
FIGURE 15 is an isometric view of a rectangular 
quad feedthrough device with a common isolated 
ground point G1; 

FIGURE 16 is a schematic circuit diagram corre- 
sponding to the feedthrough device of FIG. 15; 
FIGURES 17 and 18 are horizontal sectional views 
taken generally on the lines 17-17 and 18-18 of 
FIG. 15; 

FIGURE 19 is an isometric view of a rectangular 
quad feedthrough device with isolated termination 
pofrrteGI andG3; 

FIGURE 20 is a schematic circuit diagram corre- 
sponding to the feedthrough device of FIG. 19; 
FIGURES 21 and 22 are horizontal sectional views 
taken generally on the lines 21-21 and 22-22 of 
FIG. 19; 

FIGURE 23 is an isometric view of a rectangular 
quad feedthrough device generally according to 
FIG. 19. but showing an siternative geometry with 
isolated termination points G1 and 03; 
FIGURES 24 and 25 are horizontal sectional views 
taken generally on the lines 24-24 and 25-25 of 
FIG. 23; 

FIGURE 26 is a fragmented perspective view of a 
quad feedthrough device according to FIG. 23, but 
showing me device in discoidal form; 
FIGURE 27 is a perspective view showing assem- 
bly of the feedthrough device of FIG. 26 with a ter- 
minal plate adapted for assembly with the housing 
or can of an implantable medical device; and 
FIGURE 26 is a perspective view showing assem- 
bly of a feedthrough device generally according to 
FIG. 19 but in cfiscoidal form with a terminal plate 



adapted from assembly with the housing or can of 
an implantable mafical devica 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A rectangular bipolar feedthrough capacitor con- 
structed in accordance with the present invention is 
shown in FIGURES 1 and 3-5. The feedthrough capac- 
itor 10 comprises a multifayered construction having 
metallic conductive electrode plates arranged in alter- 
nating layers of different geometry and separated by 
dielectric material layers of ceramic or the like. The buift- 
up assembly of multiple ceramic layers wrth thin metaiBc 
electrode plates applied thereto as by silk screening is 
generally known in the art and win not be discussed in 
further detail herein. Trie finished capacitor 10 is 
depicted in FIG. 1 in the form of a monofithic ceramic 
structure 12 having the metallic electrode plates 
embedded therein. 

FIGURE 1 illustrates the rectangular feedthrough 
capacitor 10 having a pair erf through ports 14 and 16 for 
receiving a corresponding pair of conductive terminal 
pins (not shown in FIG. 1). The surfaces of the through 
pom 14 and 16 are lined by surface metallization, as is 
Known In the art to connect the plates in parallel and 
facilitate conductive assembly with the terminal pins. In 
accordance with the invention, the through port 14 and 
the surface metallization thereof is conductiveJy associ- 
ated with a plurality of capacitor electrode plates asso- 
ciated with a fret capacitor CI, while the second 
through port 16 and the surface metallization thereof is 
associated with a plurality of capacitor electrode plates 
associated with a second capacitor C2. The two capac- 
itors C1 and C2 are in turn associated with a third 
capacitor C3 (not shown in FIG. 1) deposed electrically 
between a pair of electrical connection points G1 and 
G2 that are exposed by surface metallization 1 8 and 20, 
respectively, on discrete edge faces of the ceramic 
structure 12. FIGURE 2 shows an electrical schematic 
diagram conforming to the bipolar feedthrough capaci- 
tor shown in FIG. 1 , with the capacitor C3 connecting 
the two feedthrough capacitors C1 and C2 to a common 
isolated ground point. It wffl be understood that the 
ground point defined at G2 does not represent the 
ground point of the pulse generator circuit of the medi- 
cal device, but instead represents the metal housing or 
shield to which EMI signals are decoupled. 

FIGURES 3 and 4 are sectional views illustrating 
alternate layers of metallic conductive electrode plates 
embedded within the structure of the ceramic body 12. 
FIGURE 3 shows a pair of electrode plates 22 and 24 
associated respectively with the through ports 14 and 
16, and in electrical isolation with a central plate 26 con- 
forming to the ground point Q2. FIGURE 4 shows an 
electrode plate 28 disposed in vertically stacked or 
sandwiched relation with the electrode plates of FIG. 3, 
and in electrical isolation to the through ports 14 and 16. 
When the capacitor 10 shown in FIG 1 fa assembled 
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from a laminated stack-up of alternating plate layers as 
depicted in FK& 3 and 4, and as also depicted in par- 
tial section in FIG. 5, the bipolar feedthrough capacitor 
according to the circuit schematic of FIG. 2 is th e result 
It will be understood that a typical feedthrough capacitor 5 
1 0 will incorporate a selected and typically largs number 
of the conductive plate layers shown in FIGS. 3 and 4, in 
an alternating stack sequence. 

FIGURE 6 shows the teerthrough capacitor 10 of 
FIGS. 1 -6 assembled onto the inboard side of a terminal io 
plate 30 adapted for hermetic and conductive mounting 
onto the housing of an i m pl anta ble medical device or 
the like, so as to position the capacitor 10 within the 
interior of the housing for the medical device, tn the pre- 
ferred form, the G2 test point or points are designed to 75 
be grounded/bonded directly to the terminal plate 30, 
typically by use of a conductive thermoset material 31 
such as conductive poryimide (e^., Abetetik 71-1). This 
conductive thermoset materia] bonds to the G2 capaci- 
tor termination surface (typicafiy a palladium-silver 20 
glass hred frit) and to the terminal plate 30 as shown. 
Terminal pins 32 and 34 can be electrically connected to 
the capacitors CI and C2 respectively, by means of sol- 
dering or alternately by means of the conductive ther- 
moset material. The G1 isolated ground point is 25 
desirably insulated from the conductive terminal plate 
30 by a suitable insulation sheet 36 or the Gke. The iso- 
lated ground point G1 is accessible for facilitated electri- 
cal connection to other circuit components of the 
medical device or for electrical testing. 30 

FIGURES 7-10 illustrate an alternative preferred 
form of the invention, wherein structural components 
conforming to those descrtoed in FIGS. 1 and 3-6 are 
identified by common reference numerals. The embodi- 
ment of FIGS. 7-10 cfiffers only in the configuration of 35 
the bipolar feedthrough capacitor in a cSscoidal as 
opposed to a rectangular geometry. 

FIGURES 11-14 depict a further alternative pre- 
ferred form of the invention, wherein components con- 
forming with FIGS. 1 and 3-6 are also identified by the 4C 
same reference numerals. FIGURES 1M4 show 
another bipolar feedthrough capacitor, having an alter- 
native rectangular geometry wherein the isolated 
ground or test point G1 is defined by surface metaOiza- 
tion applied to a third through port 17 extending through 45 
the capacitor structure 12 at a location between the C1 
and C2 capacitor through ports 14 and 16. respectively. 
As shown in FIG. 14, electrical connection to the iso- 
lated ground or test point G1 is accomplished quickly 
and easily by electrically connecting a third terminal pin so 
40 thereto. In this embodiment there is no requirement 
for additional insulating sheet elements tor electrically 
isolating the test point G1 from the conductive terminal 
plate 30. Pin 40 typically does not extend all the way 
through to the body fluid side of the plate 30. ss 

FIGURES 15-18 show a quad-type feedthrough 
capacitor constructed according to the principles shown 
and described with respect to FIGS. 1-14. As shown, a 
multilayer ceramic body 1 12 has alternating embedded 



layers of metallic electrode plates in a geometry to pro- 
vide four separate capacitors C1 , C2, C3, and C4 with 
isolated around point G1 and ground point G2 inducing 
surface metallization on opposite sides of a fifth capaci- 
tor C5. This quad feedthrough capacitor is depicted by 
the circuit schematic of FIG. 16. FIG. 17 shows one 
layer geometry having active electrode plates 42, 44, 
46, and 48 associated respectively with the capacitors 
C1 , C2, C3. and C4. wherein these electrode plates are 
associated with incfividuaJ terminal pin through ports 
lined with surface metallization as previously described. 
These active electrode plates are arranged in pairs, on 
opposite sides of a central plate 50 associated with the 
termination point GC FIGURE 18 shows the electrode 
plate 52 associated with the test point Gl, and formed in 
electrical isolation with the capacitor terminal pin 
through ports. 

FIGURES 19-22 illustrate an alternative quad 
feedthrough capacitor with an additional ground point 
G3 isolated electrically from the isolated ground or test 
point G1. This alternative feedthrough capacitor is 
shown in electrical schematic form in FIG. 20 (various 
alternate schematic configurations are made possible 
by variations in the printed electrode patterns). Compo- 
nents previously shown and described with respect to 
FIG. 15-18 are identified by common reference numer- 
als. The embodiment of FIGS. 19-22 differs only in that 
the G1 electrode plate 52 is subdivided into a pair of 
electrode subpiates 52A and 52B associated respec- 
tively with the electrical connection points G1 and G3. 
This configuration allows the sense leads (lead wires 
which monitor the electrical activity of the head) to be 
directly decoupled via C2 and C3 (for EMI purposes) to 
the metallic housing (typically titanium) of the medical 
device. The sensing circuits are very sensitive and are 
inherently more prone to disturbance from electrical 
electromagnetic interference (EMI). The C1 and C4 
lead wires may then be used to conduct the high voltage 
(HV) defibrillator pulse to the heart Capacitors C1 and 
C4 are electrically isolated through capacitor C5 from 
the shield housing of the medical device. This allows the 
defibrillator pulse to be electrically oriented from lead to 
lead, from either lead to device housing (case ground), 
from either lead to G1, or combinations of the above. 
This output waveform flexibility allows for a wide range 
of therapeutic options and the restoration of sinus 
rhythm to the heart. 

FIGURES 23-25 show a rectangular quad 
feedthrough capacitor conforming to FIGS. 19-22, 
except that the terminal point G1 is defined by surface 
metallization within a fifth through port 54. FIGURE 26 
illustrates a quad-type feedthrough capacitor according 
to FIGS. 23-25. but in discoidal form. FIGURE 27 shows 
the discoidal quad capacitor of FIG. 26 mounted on a 
conductive terminal plate 130 for appropriate installa- 
tion onto the typically titanium shield housing of the 
implantable mecBcal device. Once again, the lead pin 
associated with the terminal point G1 typically does not 
extend to through the body fluid side of the assembled 
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device. 

FIGURE 28 shows an alternative configuration for a 
quad-type feedthroutfi capacitor of cfiscoadal geometry, 
but wherein the terminal point G1 is exposed on the 
exterior edge of the cfiscoidaJ capacitor, generally as 
descrtoed with respect to the rectangular quad capaci- 
tor erf FIG, 19. In this geometry, insulation sheet 56 is 
required for electrically isolating the termination point 
G1 from the conductive base ptete 130, as shown. 

A variety of further medications and variations to 
the invention wB! be apparent to those skilled in the art 
such as adcfitional capacitors and lead configurations 
and the like. For example, it will be understood that the 
active surface areas of the various conductive plates 
may be varied to permit selection of specific and propor- 
tioned capacitance values, such as variable selection of 
the active plate areas associated with the plates 22, 24 
and 26 shown in FIG. 3. Accordingly, no limitation on the 
invention is intended by way of the foregoing description 
and acconpanying drawings, except as set forth in the 
appended claims. 

Claims 

1. A feedthrough capacitor assembly, comprising: 

a substantially monofithic casing of dielectric 
material having a plurality of conductive elec- 
trode plates encased therein in an alternating 
stack of a plurality of first and second layers in 
spaced parallel relation; 
said first layer including at least one active 
plate corresponding to at least one feedthrough 
capacitor, and a first ground plate electrically 
isolated from said active plate; and 
said second layer including a second ground 
plate common to said at least one of active 
plate of said first layer and cooperating there- 
with to define said feedthrough capacitor, and 
further cooperating with said first ground plate 
to define a coupling capacitor for coupling said 
feedthrough capacitor to a common ground 
point 

2. The feedthrough capacitor assembly of claim 1 
wherein said first layer includes a plurality of electri- 
cally isolated active plates corresponcfing respec- 
tively with a selected plurality of feedthrough 
capacitors, said first ground plate being electrically 
isolated from said active plates, and said second 
ground plate of said second layer cooperating with 
said plurality of active plates to define said plurality 
of feedthrough capacitors. 

3. The feedthrough capacitor assembly of claim 1 
wherein said first layer induct a pair of said active 
plates corresponding respectively to a pair of said 
feedthrough capacitors. 



4. The feedthrough capacitor assembly of claim 1 
wherein said first layer includes at least tour of said 
active plates corresponding respectively to at least 
four of said feedthrough capacitors. 

5 

5. The feedthrough capacitor assembly of claim 1 
wherein said casing is formed from a ceramic mate- 
rial. 

io 6. The feedthrough capacitor assembly of claim 1 
wherein said casing has a rectangutar shape. 

7. The feedthrough capacitor assembly of claim 1 
wherein said casing has a discoidal shape. 

is 

& The feedthrough capacitor assembly of claim 2 
wherein said casing has a plurality of through ports 
formed therein and disposed respectively to expose 
edges of said plurality of active plates of said first 
so layer. 

9. The feedthrough capacitor assembly of claim 8 
wherein said through ports are lined with conduc- 
tive material. 

25 

10. The feedthrough capacitor assembly of claim 9 fur- 
ther including a plurality of terminal pins mounted 
respectively within said through ports. 

so 11. The feedthrough capacitor assembly of claim 1 
wherein said first ground plate of said first layer is 
exposed at one edge of said casing. 

12. The feedthrough capacitor assembly of claim 11 
35 wherein said second ground plate of said second 

layer is exposed at one edge of said casing. 

13. The feedthrough capacitor assembly of claim 11 
wherein said second ground plate of said second 

40 layer is exposed within a through port formed in 
said casing. 

14. The feedthrough capacitor assembly of claim 1 
wherein said second ground plate of said second 

45 layer is exposed within a through port formed in 
said casing. 

15. The feedthrough capacitor assembly of claim 2 
wherein said casing has a plurality of through ports 

so formed therein and disposed respectively to expose 
edges of said active plates of said first layer and 
said second ground plate of said second layer, and 
first ground plate of said first layer being electrically 
isolated from said through ports. 

55 

16. The feedthrough capacitor assembly of claim 1 fur- 
ther including a conductive terminal plate, said cas- 
ing being mounted on said terminal plate, and 
means for electrically connecting said first ground 
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plate of said first layer to said terminal plate. 

17. The feedthrough capacitor assembly of claim 16 
further inducting means for rotating said second 
ground piate of said second layer from said terminal 5 
piste. 

18. The feedthrough capacitor assembly of claim 2 
wherein said second ground plate of said second 
layer is aMMded into a pair 10 
subplates, one of said subplates cooperating with a 
plurality of said active piatee to deftne a pturaEty of 
said feedthrough capacitors and cooper at ing with 
said first ground plate to define said coupling 
capacitor, and the other of said subplates coop8rat- is 
ing with at least one additional active plate of said 
first layer to define at least one additional 
feedthrough capacitor, and means for c onn ectin g 
said other of said subplates tfrectly to said common 
ground port 20 
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FIG. 18 
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FIG, 24 FIG. 25 
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